We examine how income shocks experienced by rural producers a¤ect the drug trade in Mexico. Our analysis exploits exogenous movements in the Mexican maize price stemming from weather conditions in U.S. maize-growing regions, as well as export ‡ows from other major maize producers. We document that these price ‡uctuations have substantial e¤ects on the income of agricultural workers. Using data on over 2200 municipios spanning 1990-2010, we …nd that lower prices di¤erentially increased the cultivation of both marijuana and opium poppies among municipios more climatically suited to growing maize. We also …nd impacts on drug seizures, along with killings perpetrated by drug cartels. Our …ndings demonstrate that maize price changes contributed to the burgeoning drug trade in Mexico, and point to the violent consequences of an expanding drug sector.
Introduction
The international drug trade has been a major issue concerning policymakers around the world. Although most drug consumption takes place in developed countries, most drug production takes place in the developing world. Despite this asymmetry, there has been very little work that seeks to understand how poverty and income opportunities a¤ect incentives for drug production. It is especially important to understand these relationships given the large social costs associated with the drug trade, including violence and crime.
Our paper addresses this gap in the literature. We examine how income shocks induced by maize price ‡uctuations in Mexico a¤ect the production of illicit drug crops and the growth of the drug trade. Mexico o¤ers an ideal setting for the study of this question. In the past two decades, the country has been subject to major swings in the maize price with large consequences for its agricultural sector. In addition, the country has experienced a concomitant increase in drug-war related violence. To the best of our knowledge, this is the …rst paper that examines how economic shocks to rural producers a¤ect drug production.
We focus on a set of drug-related outcomes spanning the narco-tra¢ cking chain, from cultivation (proxied by eradication) to drug cartel violence. Our empirical strategy exploits exogenous variation in Mexican maize prices stemming from the production behavior of major exporters. Speci…cally, we use weather shocks in the maize-producing areas of the United States and the export volume of other major maize producers to instrument for the Mexican maize price. First, we document that the sharp fall in maize prices over the 1990s led to di¤erential decreases in the income of agricultural workers in areas more climatically suited to growing maize. Mirroring these income results, we show that the price fall led to di¤erential increases in both marijuana and opium poppy cultivation in the more maize suitable areas.We also …nd di¤erential impacts on seizures of raw marijuana and opium gum (the paste used to manufacture heroin). Finally, we estimate larger e¤ects on drug-related killings, including executions carried out by drug cartels over the 2007-2010 period. The results are robust to a number of economic and enforcement controls, including trends based on police presence, distance to the border, and land quality.
Our paper is related to a number of di¤erent literatures. First, an existing set of studies documents various factors contributing to the drug war in Mexico. Some papers have examined the role of domestic political factors such as rising electoral competition (Osorio 2012 ) and the political a¢ liation of local political authorities (Dell 2011 ). Dube et al (forthcoming) provide evidence that the availability of high-powered weapons from the United States also contributes to border violence. However, we are unaware of previous work that has examined the role of income shocks.
Our paper also speaks to the literature which examines the inter-relationship between vio-lence and drug crop production. Lind et al (2013) posit that con ‡ict in Afghanistan leads to increases in the cultivation of opium poppies. Conversely, Angrist and Kugler (2008) …nd that exogenous increases in Colombian coca cultivation led to substantial increases in violent killings, while generating only moderate increases in rural earnings. Castillo et al (2013) examine how changes in Colombian cocaine seizures impact drug war violence in Mexico. Our paper also …ts into a growing literature that examines the relationship between commodity prices and con ‡ict, including Besley , which are consistent with opportunity cost accounts. Others …nd that the opposite relationship can arise owing to predation incentives, depending on which group experiences income increases (Mitra and Ray 2012) .
The remainder of the paper is organized as follows: section 2 provides background on the institutional context; section 3 provides an overview of the data used in the analysis; section 4 lays out our empirical strategy; section 5 presents the results; and section 6 concludes.
Background
This section provides background on three relevant aspects of the institutional context. First, we document the evolution of Mexico's drug trade and drug war. Next, we provide an overview of agricultural workers in Mexico to understand incentives behind drug production. Third, we examine dynamics of the maize price over the course of our sample period.
The Mexican Drug War
The Mexican drug trade stretches as far back as the turn of the twentieth century. It burgeoned in the 1960s with rising demand in the U.S. for marijuana, and grew further during the 1980s when Mexican and Colombian tra¢ ckers began operating together to meet growing demand for cocaine north of the border (Astorga 2005 , Toro 1995 ). Though initially sub-contractors for their Colombian counterparts, the Mexican cartels grew in power and by the 2000s dominated the drug distribution network. Simultaneously, the share of cocaine arriving to the U.S. via Mexico rose dramatically, from about 50 percent in the early 1990s to over 90 percent in the 2000s (O'Neil 2009). The growth of the Mexican drug trade has been characterized by both the increased tra¢ cking of cocaine (produced in South America) and the production and distribution of home-grown drugs including marijuana, heroin, and methamphetamines.
Mexican cultivators grow marijuana and opium poppies, which are used to manufacture heroin. In fact, Mexico is currently the leading producer of marijuana globally (USDS 2011). During the 1990s it also became an important supplier of heroin. Between 1993 and 2008, opium production increased more than six-fold, growing from a low base of 49 to 325 metric tons (USDS 2011). As of 2009, Mexico ranked as the world's third largest opium poppy supplier after Afghanistan and Burma.
While there are no o¢ cial statistics tracking illicit crop production across regions of Mexico, we are able to use drug crop eradication as a proxy for cultivation. Eradication activities undertaken by the Mexican military unfold in two stages. First, military surveillance identi…es individual …elds in each municipio that are planted with marijuana and opium poppy. Next, on the basis of that surveillance, the military engages in eradication e¤orts to destroy the illicit crops grown on those …elds. Data from the Mexican military -the Secretariat of National Defense (SEDENA) -record the hectares of marijuana and poppy eradicated in each municipio, over 1990-2010. According to U.S. and Mexican o¢ cials, about 75 percent of drug production is eradicated each year (Humphrey 2003) , which suggests that eradication is a good proxy for cultivation. As such, we assume that the total area eradicated is informative of the total amount of underlying drug cultivation in a given municipio-year. Figure 1 maps the mean marijuana and poppy eradication across Mexican municipios over our sample period. It is immediately clear that drug eradication is concentrated in the western spine of the country, along the western and southern ranges of the Sierra Madres and the adjacent coastal areas. According to the SEDENA data, marijuana eradication increased from approximately 5400 hectares in 1990 to 34 The growth of the drug trade in Mexico has been closely linked to rising violence. Drugtra¢ cking violence was relatively restrained through the 1980s, owing in part to underlying political conditions in Mexico and the industrial organization of cartel activity during that period. The PRI political party had dominated electoral politics since the 1930s. The absence of political competition facilitated consolidated patron-client relationships between drug tra¢ ckers, the police and local elected o¢ cials (O' Neil 2009). As such, implicit agreements with o¢ cials enabled particular cartels to operate in particular locations with relative impunity. However, the entry of other political parties in local elections during the early 1990s undermined these arrangement (Barta 2012, O' Neil 2009), incentivizing territorial expansion and in-…ghting among rival cartels (Osorio 2012) . In essence, the resultant cartel de-stabilization led to rising drug-related violence which skyrocketed in the 2000s. Two major turning points are worth noting. First, in 2001, the leader of the Sinaloa cartel, Joaquín "El Chapo" Guzmán, escaped from prison and attempted to take over important drug routes near Texas and California. Violence subsequently increased in both the drug production areas and crossing points along the U.S.-Mexico border (Luhnow and de Cordoba 2009). Second, in December 2006, President Felipe Calderón launched an aggressive military campaign against the drug cartels. These operations were phased-in geographically, and resulted in dramatic and haphazard violence increases throughout the country. 1 Estimates suggest that up to 50,000 organized crime homicides have taken place in Mexico over 2006 (Ríos and Shirk 2011 . While the drug war has been largely concentrated in urban areas, rural areas engaged in drug crop cultivation have also witnessed rising violence (Escalante 2009 ). This has been linked to rival cartels contesting territory in the attempt to control tra¢ cking routes from production areas to the border (Astorga 2007 , Ravelo 2008 ). For example, in the northern state of Sinaloa, La Linea cartel has challenged their rival, the Sinaloa cartel (STRATFOR 2013). Similarly, disputes among cartels in the southern state of Michoacan were linked to attempts to take over production areas and routes (Maldonado 2012).
A Snapshot of Maize and Agricultural Workers
To contextualize the incentives of farmers to produce illicit drug crops, it is useful to examine the characteristics of agricultural workers in Mexico at the beginning of our sample period. Using data from the 1990 Mexican Census, we construct a sample of 748,486 working men between the ages of 18 and 65 in rural municipios.
2 Table 1 presents summary statistics for some basic demographic and labor variables for three groups in these municipios: all workers, agricultural workers, and maize workers. About 48% of all workers held occupations classi…ed as agricultural. Maize has historically dominated the Mexican agricultural sector. About 29% of agricultural workers (representing 14% of all workers) were identi…ed as maize workers in 1990. However, this likely understates the number of individuals that depended on maize for a substantial fraction of their monetary income. Forty-one percent of all agricultural workers were not associated with any particular crop, and these unassigned individuals likely grew a variety of crops including maize. By contrast, co¤ee and cacao workers represent the second largest group tied to a speci…c crop, and account for only 4% of agricultural workers. The agricultural sector is characterized by a mix of small-scale family farmers and individuals working for wages on larger farms. Table 1 shows that 48% of agricultural workers (62% of maize workers) are classi…ed as "own-account," meaning that they do not have a boss or supervisor.
Owners of family farms would fall into this category. A substantial number of agricultural workers thus …nd work as wage employees (38%), yet only about 1% of agricultural workers report directly hiring other workers.
Workers at nearly every point in the agricultural income distribution can be characterized as poor in comparison to non-agricultural workers in these rural areas. A large number of agricultural workers engage in subsistence farming which generates little or no monetary income. About 27% of the agricultural workers (37% of maize workers) report earning zero income despite currently working. By contrast, only 2% of non-agricultural workers report earning zero income. This re ‡ects both the prevalence of subsistence agriculture and the fact that some individuals work without pay for family farms that generate monetary income. Conditional on earning positive income, the average worker in these municipios earns about 4; 500 pesos per month. This is about $450 (in 2005 dollars). The income of the average agricultural worker is substantially lower (about 3,150 pesos per month), and the average maize worker earns even less (about 2,500 pesos per month). While there is substantial variation within the set of agricultural workers, it is clear that the vast majority are poor. The 75th percentile of the positive income distribution for agricultural workers (2650.451) is below the median positive income for nonagricultural workers in these rural areas (3232.592). Very few agricultural workers, and even fewer maize workers, earn substantial monetary sums.
Evolution of the Maize Price
Over the course of the 1990s and 2000s, several major ‡uctuations in the maize price impacted the income opportunities of maize workers in Mexico. 
Data
In addition to the SEDENA data on eradication, we also obtain SEDENA data on drug seizures for the 1990-2010 period. Categories include raw and processed marijuana; opium gum and heroin; as well as cocaine and crystal meth. Data on drug-related killings come from the Mexican National Security Council, and are available for the 2007-2010 period. Executions are killings attributed to criminal organizations, which are classi…ed as drug-related in consideration of tell-tale signs of drug cartel homicides, such as the use of beheadings and incinerations, or explicit messages left at the crime scene. Drug-related confrontations measure deaths stemming from …ghts among cartels, or between cartels and the army. Cartel attacks refer to deaths stemming from attacks by drug cartels on state security forces. These three variables are aggregated into total drug-related killings. Figure 3 maps this variable in per capita terms. Clearly there is a concentration of this type of violence around the border region and areas with drug crops in the northern part of the country.
To account for enforcement, we use data from the Mexican Attorney General's O¢ ce (PGR, by its Spanish acronym), to generate a measure of distance to the nearest state security station, de…ned as either a federal police headquarter, military garrison, or air-force base in 2000. Municipal-level electoral data from the Center of Research for Development (CIDAC) provides the political a¢ liation of the mayor, speci…cally whether he or she is from the left-leaning PRI, conservative PAN or other political party. We also control for distance to the nearest point on the U.S.-Mexico border, and whether the municipio has a major highway, both of which are likely to a¤ect the extent of trade in the municipio. Data on rainfall and temperature at the municipio-month level originate from the University of Delaware's Center for Climatic Research. In addition, we utilize a soil quality variable from the Workability dataset of the Food and Agricultural Organization (FAO) of the United Nations. This variable measures land workability constraints that hinder agricultural cultivation. We also develop a measure of municipal ruggedness. The ruggedness in a grid point inside of a municipio is de…ned as the average di¤erence in elevation between the point and its neighbors, and we take the average across all points in a municipio.
We utilize data from the 1990 Mexican Census to obtain start-of-sample characteristics for our municipios of interest. These include the fraction of males employed in agriculture as a proxy for rurality, and the average agricultural income in each municipio in 1990. To explore the relationship between the maize price and economic outcomes for rural workers, we construct a sample that pools observations from the various waves of the Encuesta Nacional de Ingresos y Gastos en los Hogares (ENIGH). The ENIGH is a nationally representative survey of Mexican households which focuses on gathering detailed information about household income and expenditures. We combine the 10 biennial waves from 1992 to 2010 with a 2005 wave.
For all outcomes, we restrict our samples to municipios that can be classi…ed as rural. This is important for two reasons. First, we are primarily interested in the impact of maize prices on drug crop cultivation among agricultural producers. This is an inherently rural phenomenon. Furthermore, the relationship between maize prices and illicit activities may be fundamentally di¤erent in urban areas where individuals are the consumers of maize rather than producers. Second, inclusion of urban municipios may lead us to over-estimate the impact on homicides, since dense urban areas with little maize cultivation witnessed a dramatic increase in violence in the late 2000s.
To exclude largely urban municipios, we use data from the 1990 Census to calculate the fraction of individuals in each municipio who live in very large urban localities with populations of 100,000 or more. We include in our sample those municipios where no individuals in the 1990 Census lived in such large urban areas. Applying this criterion eliminates 104 municipios, leaving us with a …nal sample of 2,299 municipios. 3 
Empirical Strategy
Although one could simply regress a drug outcome in a particular municipio-year against the national price of maize, such an empirical strategy is problematic for three reasons. First, this would estimate the impact of price using only national-level time-series variation, making it di¢ cult to separately identify the e¤ect of price from an ongoing trend. Second, this would ignore an important source of variation in the sensitivity of drug trade activity to the price of maize. The impact of price ‡uctuations on total drug crop cultivation in a particular municipio should depend on the extent to which individuals there depend on maize cultivation. Our empirical strategy therefore employs a di¤erence-in-di¤erences approach: we examine whether changes in the maize price lead to di¤erential e¤ects on illicit activity in the municipios more suited to cultivating maize. The FAO provides municipio-level measures of agro-climatically attainable yields for maize under di¤erent assumptions about available inputs. These indices are based on exogenous factors such as location-speci…c geography, rainfall, and temperature over the period . Our measure of maize suitability is the average of these FAO indices across di¤erent input levels. This FAO suitability measure is preferable to direct measures of maize production or cultivation, which may endogenously respond to both eradication and contemporaneous maize prices. This concern is exacerbated in the Mexican context since complete municipiolevel data on land devoted to maize cultivation and production are only available after 2003. As Figure 4 demonstrates, all states and regions in Mexico contain substantial variation in maize suitability, ensuring that the e¤ects of maize price ‡uctuations are not driven by any one particular geographic area.
A third problem with directly examining the impact of the Mexican maize price is that the domestic price may be endogenous to the outcomes of interest. For instance, greater drug crop cultivation may reduce maize cultivation and boost the maize price via a supply e¤ect. This form of reverse causality would generate an upward bias (toward zero) on the estimated relationship between maize prices and drug eradication. To circumvent endogeneity concerns, we use an instrumental variables strategy that exploits changes in the maize price induced by the production behavior of major global maize players -the U.S., Argentina, France and China, which are the four largest maize exporters over this period.
We directly utilize the export volume of the three non-U.S. producers as instruments for the national maize price in Mexico. Mexico does not import any maize from these nations, and their exports are unlikely to respond to economic production fundamentals in Mexico given this market segmentation. Figure 5 shows the international maize price, Mexican maize price, and the export volumes of the three countries. All three export series are negatively correlated with the price series, and as suggested by the …gure, the negative correlation coe¢ cient is largest for China. Chinese export policy, in particular, appears to be heavily in ‡uenced by idiosyncratic political factors. The U.S. Department of Agriculture claims that Chinese policy is a substantial driver of the international market, noting that "China has been a signi…cant source of uncertainty in world corn trade." Moreover, Chinese policy seems to be driven by political considerations that are exogenous with respect to production fundamentals and any economic development in Mexico:
China's corn exports are largely a function of government export subsidies and tax rebates, because corn prices in China are mostly higher than those in the world market. Large corn stocks are expensive for the government to maintain, and Chinese corn export policy has ‡uctuated with little relationship to the country's production, making China's corn trade di¢ cult to predict. (USDA 2013b) This further underscores the idea that Chinese export behavior is unlikely to respond to Mexican agricultural production, bolstering the validity of these instruments.
In contrast to the other major exporters, 99.5 percent of Mexican maize imports come from the United States. 4 This partly re ‡ects the reduction of import tari¤s and expansion of import quotas for maize under the NAFTA trade agreement. The extent of maize trade between the two countries, as well as their geographic proximity and political ties creates stronger concerns that U.S. exports could re ‡ect crop production patterns in Mexico. For example, greater drug crop production in maize areas could a¤ect maize production in Mexico, which in turn could in ‡uence U.S. production decisions. Therefore, we exploit weather conditions in the major maize producing states in the U.S., which serve as an exogenous factor in U.S. crop production. We focus on the …ve largest U.S. maize producing states (Iowa, Illinois, Nebraska, Minnesota, Indiana). We use global gridded data from University of Delaware's Center for Climatic Research to create a state-level measure of average rainfall (millimeters) and temperature (C) for each month in our sample period. For each year, we track average rainfall in these states over June and July, since these are critical months of the maize planting season, when drought can severely damage the crops (Tannura et al 2008). In addition, we also track temperature during April and May, since frosts early in the planting season prove particularly harmful . We generate deviations of both weather variables relative to the mean over our sample period, and utilize their lag, as harvests take place at the end of the calendar year, over October and November. Figure 5 also shows the negative relationship between lagged U.S. weather conditions and the international and Mexican maize price.
We utilize these weather conditions and the export levels of the other major producers as instruments for the Mexican maize price. Let Y it refer to the value of dependent variable Y in municipio i during year t. Our basic second-stage speci…cation is given by:
Here the 2i are second-stage municipio …xed e¤ects that control for time-invariant characteristics of Mexican municipios; 2t are second-stage year …xed e¤ects that account for common shocks in a given year; M AIZE i is the average agro-climatically attainable yield for maize per hectare in municipio i; P RICE t is the natural log of the national maize price in year t; and the coe¢ cient is our main parameter of interest measuring the di¤erential e¤ect of maize prices on the outcome in municipios with higher maize suitability. 5 X it is a vector of additional controls which varies across speci…cations, and we detail our full control set below. The …rst stage equation explaining M AIZE i P RICE t is given by:
Here 1i and 1t represent …rst-stage municipio and year …xed e¤ects, respectively. U S_T EM P t denotes the temperature deviation in April and May in major U.S. maize states in year t.
U S_RAIN t denotes the annual rainfall deviation in these states over June and July. CHN t , ARG t and F RA t represent the log of Chinese, Argentine and French maize exports in year t. Certain dependent variables are scaled by either the area or population of each municipio. Since M AIZE i is the attainable yield per hectare, we also scale the marijuana and poppy eradication outcomes by total municipal area, measuring these outcomes per 10,000 hectares. Killings are measured as a rate per 10,000 population. We take the log of all dependent variables after adding a one. This ensures that municipio-year observations with zero eradication or homicide levels are included in our speci…cations. Unless otherwise noted, all parameters are estimated via 2SLS, and our standard errors are clustered at the municipio level.
Since our empirical strategy utilizes the interaction of municipal maize suitability with annual prices and the time-varying instruments, this raises the concern that the …rst stage will appear to display a strong relationship owing solely to the inclusion of the suitability variable on both sides of Equation (2). However, Table 2 presents simple time series regressions which show that the lagged U.S. weather variables, alongside the export volumes of China, France and Argentina are important determinants of the Mexican maize price. Column 1 includes no controls and the R-sqr indicates that these variables alone explain up to 75 percent of the variation in the price series. Columns (2) and (3) introduce controls for the U.S-Mexico real exchange rate and a linear time trend. The instruments are jointly signi…cant at the 1 percent level (with a F test-statistic of 14.90). This underscores the strength of the time series relationships underlying our empirical strategy.
Our preferred speci…cations include a gamut of weather, enforcement and economic controls to address potential confounds. If places suited to growing maize generally have higher land quality, this raises the possibility that increases in drug production estimated with our empirical strategy may re ‡ect trends based on land quality di¤erences, rather than the e¤ect of maize per se. We therefore control ‡exibly for the e¤ect of soil quality by introducing interactions of year e¤ects with our land workability measure. We also control for time-varying rainfall and temperature conditions in Mexican municipios over June and July, as well as temperature conditions during the early maize planting period in April and May.
Another concern is that measured eradication e¤orts re ‡ect both drug crop cultivation and policy decisions around state enforcement. Since the degree of enforcement within a municipio will vary based on proximity to police stations and other state security facilities, we include controls for linear time trends interacted with (log) distance to the nearest security station. We also control for trends by distance to the U.S. border. This helps account for confounds related to the fact that the drug trade burgeoned in the less maize suitable maize areas along the border in the post-2005 period (see Figure 4) , precisely when maize prices started rising. This border variable, along with trends based on the presence of a major highway also account for potential di¤erences in the evolution of our outcomes based on the degree of market integration. This is important since NAFTA's implementation in 1994 may have facilitated trade in illegal as well as legal goods (Andreas 1996).
In addition, drug-related violence has increased disproportionately in urban areas over this period, where little maize is cultivated. Although our core sample already eliminates 104 large urban areas, we further account for this e¤ect with trends interacted with our rurality measure. Analogously, since agricultural workers residing in maize areas are relatively poor, we control for trends based on average agricultural income in the beginning of our sample period. We refer to this collection of controls as our full control set in the remainder of the paper. Tables 3A and 3B present the descriptive statistics of the key variables in our analysis.
Results

E¤ects on Income
Our …rst set of results investigates the impact of maize price ‡uctuations on the incomes and occupations of workers in rural areas. For this analysis, we use a sample of rural workers from several waves of the ENIGH spanning 1992-2010. We estimate the individual-level equivalent of Equation (1) with the log of total income (sum of labor income and business income) as our dependent variable. In addition to the full municipal-level control set, we also include several individual-speci…c controls. These include controls for age, education, survey month, an indicator for those identi…ed as maize or bean workers, and indicators for the class of worker (wage worker, self-employed, etc.).
Our main income sample consists of men between the ages of 18 and 65 who reported working in agriculture full-time (20 or more hours per week) and earned positive income during the previous month. We examine impacts on all agricultural workers, not only those identi…ed as maize workers in the ENIGH. We do this for at least two reasons. First, many households grow a variety of crops, making it di¢ cult to identify them with any one particular output. Indeed, in the 1990 Census, over 40 percent of agricultural workers were not classi…ed as cultivating any one particular crop. Ethnographic studies suggest that even those farmers associated with non-maize crops devote a non-trivial fraction of their land to maize cultivation (Eakin 2006 , pp. 54-82). As such, only considering individuals identi…ed as maize workers will understate the fraction of farmers whose income stream is sensitive to changes in maize prices. Second, households may endogenously change the mix of crops they plant (and thus their occupational designation) in response to changing crop prices. To avoid bias stemming from compositional changes, the e¤ect of the maize price should be estimated with data for all agricultural households. Table 4 indicate that the elasticity of income with respect to the maize price is signi…cantly higher in those municipios that are more suited to growing maize. The OLS and the IV estimates are quite consistent (0.105 and 0.108, respectively). To interpret the magnitude of these coe¢ cients, consider two workers: one from a municipio at the 10th percentile of the maize suitability distribution (M AIZE=4.48) and one from a municipio at the 90th percentile (M AIZE=8.63). The estimated coe¢ cient of 0.108 from the IV speci…cation suggests the income elasticity with respect to the maize price is higher by 0.45 in the more maize suitable municipio. These estimates suggest that as the maize price declined by 59 percent between 1990 and 2005, average incomes of agricultural workers in the more maize suitable municipio fell by an additional 26 percentage points.
Columns (1)-(2) of
Columns (3)- (4) of Table 4 present results on occupational change. Speci…cally, we examine whether a fall in maize prices causes workers to shift into non-agricultural employment. Our dependent variable is now an indicator for non-agricultural employment, and our sample now includes workers of all occupations. The regression speci…cation is identical to that used in Columns (1)- (2), except we exclude the dummies for maize and bean worker and the class of worker. Although the coe¢ cient is imprecisely estimated in the OLS speci…cation, the point estimate of 0:038 in the IV speci…cation is signi…cant at the 10 percent level. Again consider workers from communities at the 10th and 90th percentiles of maize suitability. The estimated coe¢ cient of 0:038 suggests that in response to a 59 percent decline in the maize price, the share of non-agricultural workers would rise by 9 more percentage points in the highly suitable municipio. To put this in perspective, about 33% of workers were involved in non-agricultural occupations in our sample in 1992. Both the income and occupation e¤ects demonstrate that workers in more maize suitable areas were di¤erentially impacted by changes in maize prices.
E¤ects on Drug Trade Outcomes
In this section, we examine the relationship between eradication and exposure to maize price changes. The …rst four columns in Table 5 present a motivational speci…cation that examines the impact of the annual maize price, without exploiting the cross-sectional variation in maize suitability. Since the national price varies annually, we are not able to include year …xed e¤ects but instead, control for a year trend, along with the real exchange rate. In columns (3)-(4) we instrument the national price with the export volume of China, France and Argentina along with planting season temperature and rainfall deviations in the United States. All four columns indicate a negative relationship between the maize price and both drug crop outcomes: when the prize falls, there is greater eradication of marijuana and heroin poppies.
Our main estimation strategy moves beyond these suggestive time-series relationships and tests for di¤erential impacts of the price change across municipios of varying maize suitability.
We begin by presenting visual evidence. Figure 6 graphs the national maize price alongside the di¤erence in log eradication and seizure outcomes between municipios with above and below mean maize suitability. For all four outcomes, the di¤erence increased as the maize fell sharply over 1990-2005. Moreover, it fell after 2005 when the maize price started rising, and generally remained low as price continued increasing. The exception to this pattern can be seen for opium seizures in 2009-2010, owing to increased seizures of this drug in border areas, which have low maize suitability. This …gure is merely suggestive as it is devoid of any controls, and divides the suitability measure discretely around the mean cuto¤. Nonetheless, the patterns strongly suggest that increases (decreases) in the maize price correspond to di¤erential decreases (increases) in drug-related outcomes among more maize dependent municipios. 6 The second half of Table 5 builds on this visual evidence, by examining the interactive e¤ect of the maize price and the continuous index of municipal maize suitability. Columns (5)- (6) present the OLS estimates while (7)- (8) present the IV estimates, corresponding to equation
(1). The signi…cant, negative coe¢ cients across all eight speci…cations indicate that a rise in the maize price leads to a di¤erential fall in drug crop cultivation among municipios with higher maize suitability. The IV coe¢ cients are somewhat larger in magnitude, which is consistent with reverse causality stemming from supply e¤ects biasing the least squares estimates toward zero.
The …rst stage is strong, as indicated by a large rk Wald F statistic (2:2x10 9 ), which exceeds the relevant Stock Yogo critical value. Since both sides of the …rst-stage equation are products of time-invariant maize suitability and the time-series variables (maize price, U.S. weather conditions, and exports of other major maize producers), this raises the possibility that the strength of the …rst stage is driven solely by the cross-sectional suitability. However, as discussed above in the Empirical strategy section, the time-series instruments stand on their own as strong predictors of the Mexican maize price (see Table 2 ). In Table 6 , we consider a number of alternative speci…cations to rule out potential confounds that may bias these estimated e¤ects. Columns (1)-(2) include the full control set of weather, economic, and enforcement controls enumerated in the Empirical Strategy section, including those related to land quality, border proximity and distance to the nearest police station. Columns (3)-(4) also control for the political party of the mayor holding o¢ ce in each municipio. 7 This provides an additional accounting of enforcement policy e¤ects, which are likely to be shaped by the political leanings of the local authorities. For example, mayors from the conservative PAN party increased enforcement against drug cartels in the post-2000 period, and these changes have in ‡uenced drug tra¢ cking patterns and associated violence (Dell, 2011) . The inclusion of this control reduces the sample size substantially in light of missingness in the electoral data, but does not a¤ect the magnitude or signi…cance of our estimates. Finally, columns (5)-(6) drop the 31 sample municipios that lie along the U.S.-Mexico border. Our results are also robust to this restriction, to further ensure that border e¤ects do not drive the estimated e¤ects. Reassuringly, the coe¢ cients display marked stability across various speci…cations. We consider the baseline in columns (1)- (2), which includes the full control set in the complete sample, to be our primary speci…cation. The coe¢ cients of -.03 and -.02 for marijuana and poppy eradication imply economically meaningful e¤ects. For marijuana, moving from the 10th to the 90th percentile of the maize suitability distribution implies that a 59 percent price fall would induce 8 percent more eradication. The equivalent calculation for poppy implies 6 percent more eradication.
If maize price changes induce greater drug crop cultivation in maize suitable municipios, to what extent does this cultivation also stimulate additional illicit activities along the narcotra¢ cking chain? To examine this question, we utilize data on drug seizures, which separately measure seizures of manufactured and raw drug products. In particular, the data distinguish between heroin and opium gum, a primary product used to manufacture heroin. Analogously, processed marijuana seizures are distinguished from raw marijuana seizures. Table 7 presents the impact on drug seizures. Panel A is the baseline speci…cation with our full control set, Panel B tests robustness to the political a¢ liation of the mayor, while Panel C excludes the border municipios. The latter restriction is particularly important given the rise of drug seizures along the U.S.-Mexico border during the 2000s. Across all three panels, we …nd signi…cant negative impacts on seizures of raw marijuana, but no equivalent impacts on processed marijuana. The e¤ect on raw marijuana seizures given by the coe¢ cient in Panel A-Column (1) is substantial: a 59 percent maize price fall implies 16.4 percent more seizures in municipios at the 90th versus 10th percentile of maize suitability.
We also observe signi…cant negative e¤ects on opium gum seizures, without corresponding impacts on processed heroin seizures. Since Figure 6 reveals a large spike in di¤erential opium gum seizures in 2009 and 2010, we verify that the results continue to hold when we exclude these two years, without a meaningful change in estimated e¤ects. 8 However, these e¤ects are relatively small. The coe¢ cient in Panel A-column (3) implies that a 59 percent maize price fall would result in 1.2 percent more opium seizures in municipios at the 90th versus those at the10th percentile of maize suitability. The larger estimates for raw versus processed components are consistent with our expectation that the maize price a¤ects the output decisions of farmers, but does not necessarily a¤ect cartel incentives to process drugs in particular areas. These results are consistent with home-grown drug crops being produced in rural locations, even if processing takes place elsewhere. We also observe small, but signi…cant impacts on the seizure of cocaine (largely imported from Colombia), suggesting spillovers into other types of drug tra¢ cking. The coe¢ cient in Panel A-column (5) implies that there are 2.7 percent more cocaine seizures in municipios at the 90th vs. 10th percentile owing to the 59 percent price fall.
Given the documented rise in drug production, we next gauge impacts on drug-war related violence. Speci…cally, our dependent variables are deaths arising from di¤erent types of cartel violence. Total drug-related killings are composed of executions (85%), deaths from cartel confrontations with each other and the army (13%), as well as deaths related to cartel attacks on state security forces (2%). Since these data are only available for 2007-2010, we are not able to utilize all of our time-varying instruments in the short time series. We instead pare down our instrument set to the U.S. rainfall deviations interacted with maize suitability.
9 Table 8 presents these results. We …nd signi…cant increases in total killings, with the largest e¤ects on executions. Notably, these estimates remain signi…cant after border municipios are eliminated from the sample, which is an important check, given large spikes in homicides in border cities during the post-2005 period.
Columns (1) and (2) Across speci…cations for various drug outcomes, we have interpreted the estimated coe¢ -cient on M AIZE i P RICE t as stemming from greater income changes experience by farmers in more maize suitable areas. This is consistent with the income e¤ects found in Table 4 . However, if maize suitability is highly correlated with marijuana and opium poppy suitability, then these di¤erential e¤ects could instead re ‡ect the ease with which drug crops are grown in maize suitable areas. This suggests the import of controlling for drug crop suitability to bolster the income-based interpretation of the di¤erential e¤ects. 10 Additionally, estimated e¤ects may be larger in areas that are suited to cultivating these drug crops. There are no preexisting measures of either marijuana or opium poppy suitability analogous to the FAO maize measure. However, we initially proxy for drug crop suitability by simply taking the average marijuana and poppy eradication in each municipio over the …rst three years of our sample period (1990-1993) which precede the sharp fall in the maize price in 1994. The …rst two columns of Table 9 present the results that include interactions of the suitability measures with year e¤ects. These variables control not only for potential di¤erences in drug suitability but also other potential characteristics of drug producing municipios that are correlated with the extent of eradication in these areas. The results presented in columns (1)- (2) are very similar to those in columns (1)- (2) of Table 6 . Columns (3)- (8) examine the drug seizures outcomes taking the equivalent approach of controlling for drug suitability by including the dependent variable of the relevant drug seizure over 1990-1993 and interacting it with year e¤ects. These results also remain similar to those presented in Table 6 . Panel B of Table 9 repeats the same exercise for the drug war outcomes. Here we control for both the marijuana and poppy eradication over 1990-1993 interacted with year e¤ects, since the suitability of both crops may be relevant for these outcomes.
Heterogeneous E¤ects
The relationship between the maize price and drug cultivation in a municipio should depend on the ease with which farmers can respond to an income shock by growing illicit drugs. We expect the e¤ect of price change on marijuana or opium poppy cultivation to be larger in those areas that are better suited to growing these crops. To test this hypothesis, we build on the simple measure used in the previous section: we construct municipio-level measures of marijuana and poppy suitability and estimate our main speci…cations separately for municipios above and below the median suitability for these crops. Di¤erent factors are important in determining these suitabilities. To generate a crop-speci…c measure, we run cross-sectional regressions explaining the average 1990-1993 cultivation as a function of plausibly exogenous agro-climatic factors. For marijuana, we regress average cultivation on a second-order polynomial in the average annual rainfall and average annual temperature of a municipio over our sample period. 11 For poppy, which grows best at higher elevations -especially 1000 meters above sea level (Humphrey 2003) -we regress average cultivation on a second-order polynomial in the median slope and median elevation of the municipio. We use the parameter estimates from these cross-sectional regressions to predict 1990-1993 eradication for each crop, and we take these predicted values as our measures of marijuana and poppy suitability. Panel A of Table 10 presents estimation results for our eradication and seizure outcomes when we split the sample into groups with above and below median poppy suitability. In line with expectations, we consistently estimate larger e¤ects across all of our outcomes in those municipios with above median poppy suitability. For poppy eradication, we estimate a di¤erential maize price e¤ect of 0:038 in the municipios with above median poppy suitability, compared 11 That is, if RN it represents mean rainfall and T M P it represents mean temperature, we regress cultivation on :
to an estimated di¤erential e¤ect of 0:009 in the below median group. Similarly, we estimate a di¤erential e¤ect of 0:010 on opium gum seizures in the poppy-suitable municipios, while we …nd essentially no e¤ect in the less suitable sub-sample. The magnitude of the estimated e¤ect on poppy eradication in the poppy-suitable municipios is substantial. The estimates in column (4) suggests that a 59% decline in the maize price would result in a 9 percentage point larger increase in poppy eradication and a 2 percentage point larger increase in opium gum seizures in a municipio at the 90th percentile of maize suitability versus one at the 10th percentile.
Panel A of Table 10 presents estimation results when the sample is split on the basis of the marijuana suitability index. Across outcomes, we again consistently …nd di¤erential price e¤ects in those municipios with above median marijuana suitability. Indeed, we do not …nd any statistically signi…cant e¤ects in municipios below the median. The estimated di¤erential e¤ects for marijuana eradication (-0.061) and raw marijuana seizures (-0.098) are particularly large. The coe¢ cients in columns (2) and (6) suggest that a 59% decline in the maize price would yield a 15 percentage point larger increase in marijuana eradication and a 24 percentage point larger increase in raw marijuana seizures in the 90th percentile municipio versus the 10th percentile municipio.
Table 10 also reveals that there are important cross-crop suitability e¤ects. There are larger di¤erential price e¤ects on both marijuana and poppy outcomes in municipios with above median poppy suitability, and above median marijuana suitability. These cross-crop e¤ects are consistent with the important role that mountainous areas play in drug crop production (Humphrey 2003 ). High elevation is required for poppy cultivation. In turn, mountainous areas may be well suited to the production of marijuana both because of the existing drug-trade infrastructure and because the rugged terrain helps farmers conceal illegal activity. Indeed, Panel C of Table 10 indicates that when we split the sample based on our ruggedness measure, we …nd substantially higher di¤erential price e¤ects in the more rugged areas. 12 
Conclusion
We examine how maize price dynamics have a¤ected the drug trade in Mexico, over 1990 to 2010. Using municipal-level data, we demonstrate that maize price changes induce di¤erential drug market outcomes for municipios with varying levels of maize suitability. We instrument the Mexican maize price with maize exports of China, France and Argentina, and weather conditions in maize producing regions of the United States. Our results are robust to a number of controls and restrictions that address concerns regarding targeting of enforcement and di¤erential trends in drug-tra¢ cking along the border or in rural areas.
Our estimated e¤ects span the entire narco-tra¢ cking chain, starting with increases in illicit drug crops and ending with cartel violence. The sizable e¤ects on drug-related killings underscore the potential for large social costs stemming from these price changes. Does the rise of the drug sector represent a temporary adjustment to price ‡uctuations or a permanent change in economic structure? Future work should explore these questions. Notes. CHN, ARG, and FRA represent the log of Chinese, Argentine and French maize exports. US_TEMP denotes the temperature deviation in April and May in major U.S. maize states, and US_RAIN denotes the rainfall deviation in these states over June and July. The real exchange rate refers to the U.S.-Mexico exchange rate. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Notes. Log marijuana and poppy eradication are measured as log of area eradicated per 10,000 hectares plus 1. Log raw marijuana, processed marijuana, opium gum, heroin, cocaine, and meth seizures are measured as log of kilograms seized. Log total drug-related killings, drug-related executions, killings from confrontations, and killings from cartel attacks, are measured as log of killings (or executions) per 10,000 people. PAN mayor, PRD mayor, and Other mayor, are indicators for PAN, PRD, and mayors from other political parties in office. Maize suitability measures the average attainable yield for maize (in Kg DW/ha). Log distance to security station is measured as the log of distance (in miles) to the nearest federal police headquarters, military garrison or air-force base. The log distance to the U.S. is measured as the log distance (in miles) to the nearest point on the U.S.-Mexico border. Highway is an indicator equal to one if a municipio has a major road. Border is an indicator for the municipios located along the U.S-Mexico border. Ruggedness is a municipal measure of rough terrain. The log of national maize price is measured as the log of the real price in 2010 Mexican pesos. Log Chinese, French, and Argentine maize exports are measured as the log of tons exported. Lag U.S. temperature denotes the lagged annual temperature deviation in April and May in major U.S. maize states, and Lag U.S. rainfall denotes the lagged rainfall deviation in these states over June and July. Log exchange rate refers to the U.S. Mexico real exchange rate. Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown included in all columns are: municipio fixed effects, year effects, temperature and rainfall conditions in Mexican municipios, land quality interacted with year effects, trends by several variables (average agricultural income in 1990, the fraction of agricultural workers, major highway presence, distance to the U.S. border, distance to the nearest security station), survey month, age, and education. In addition, columns (1)- (2) include controls for whether or not the individual is a maize or bean worker, and indicators for the class of worker. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Estimation method
Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown include municipio fixed effects and log population in all columns. Log marijuana and poppy eradication are measured as log of area eradicated per 10,000 hectares plus 1. Columns (1)- (4) control for a linear time trend and the log U.S. Mexico real exchange rate. In columns (3)-(4) the log national maize price is instrumented with lagged rainfall and temperature deviations in the major maize producing U.S. states and the log export volume of China, France and Argentina. Columns (5)-(8) control for year fixed effects and the interaction of maize suitability with the (log) U.S. Mexico real exchange rate. In columns (7) and (8), the interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall and temperature deviations in the major maize producing U.S. states and the log export volume of China, France and Argentina. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown include municipio fixed effects, log population, and the interaction of maize suitability with the (log) U.S. Mexico real exchange rate in all columns. Log marijuana and poppy eradication are measured as log of area eradicated per 10,000 hectares plus 1.Tthe interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall and temperature deviations in the major maize producing U.S. states and the log export volume of China, France and Argentina. Weather, economic and enforcement controls include temperature and rainfall conditions in Mexican municipios, land quality interacted with year effects, as well as trends by average agricultural income in 1990, the fraction of agricultural workers, major highway presence, distance to the U.S. border, and distance to the nearest security station. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown include municipio fixed effects, log population, and the interaction of maize suitability with the (log) U.S. Mexico real exchange rate in all columns. In addition, all regressions control for temperature and rainfall conditions in Mexican municipios, land quality interacted with year effects, trends by average agricultural income in 1990, the fraction of agricultural workers, major highway presence, distance to the U.S. border, and distance to the nearest security station. Log raw marijuana, processed marijuana, opium gum, heroin, cocaine, and meth seizures are measured as log of kilograms seized. The interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall and temperature deviations in the major maize producing U.S. states and the log export volume of China, France and Argentina. Estimates reported in Panel A are based on the baseline sample. In Panel B, the sample is restricted to those observations for which the mayor's political party is available. In Panel C, the set of municipios along the U.S.-Mexico border is excluded from the sample. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown include municipio fixed effects and log population in all columns. In addition, all regressions control for temperature and rainfall conditions in Mexican municipios, land quality interacted with year effects, trends by average agricultural income in 1990, the fraction of agricultural workers, major highway presence, distance to the U.S. border, and distance to the nearest security station. Log total drug-related killings, drug-related executions, killings from confrontations, and killings from cartel attacks are measured as log of killings (or executions) per 10,000 people. The interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall deviation in the major maize producing U.S. states. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. Notes. Robust standard errors clustered at the municipal level are shown in parentheses. Variables not shown include municipio fixed effects, log population, temperature and rainfall conditions in Mexican municipios, land quality interacted with year effects, trends by average agricultural income in 1990, the fraction of agricultural workers, major highway presence, distance to the U.S. border, and distance to the nearest security station. Additional controls in Panel A include the mean of the dependent variable over 1990-1993 interacted with year effects. Additional controls in Panel B include log marijuana and poppy eradication over 1990-1993 interacted with year effects. In Panel A, the interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall and temperature deviations in the major maize producing U.S. states and the log export volume of China, France and Argentina. In Panel B, the interaction of maize suitability and the log national maize price is instrumented with the interaction of maize suitability and the lagged rainfall deviation in the major maize producing U.S. states. *** is significant at the 1% level, ** is significant at the 5% level, and * is significant at the 10% level. 
